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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.
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Introduction

This document complements the general principles of magnetic particle testing described in ISO 9934-1
with additional requirements of the steel foundry industry.

Magnetic particle testing, as well as any other non-destructive testing, is part of a general or specific
assessment of the quality of a casting to be agreed between the purchaser and the manufacturer at the
time of acceptance of the order.

© IS0 2020 - All rights reserved v
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INTE

RNATIONAL STANDARD ISO 4986:2020(E)

Steel and iron castings — Magnetic particle testing

1 S

cope

This document specifies a method for the magnetic particle testing of ferro-magnetic steel and iron
castings.
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sions of the discontinuities present.
locument is applicable to all ferro-magnetic castings, independent of the moulding m

l and iron casting is considered to be ferro-magnetic if the magnetic indtiction is gre
) for a magnetic field strength of 2,4 kA/m.

tings to be tested.

ormative references

bllowing documents are referred to in the text in Such a way that some or all of
tutes requirements of this document. For dated-references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

D59, Non-destructive testing — Penetrant testing and magnetic particle testing — Viewi
D90, Steel castings — General technical delivery requirements
/12, Non-destructive testing — Qualification and certification of NDT personnel

D34-1, Non-destructive testing.— Magnetic particle testing — Part 1: General principles

erms and definitions
'ms and definitiéns'are listed in this document.

1d IEC maintain terminological databases for use in standardization at the following

C Electropedia: available at http://www.electropedia.org/

$0-Online browsing platform: available at http://www.iso.org/obp

irea and the

ethod.

ater than 1T

locument only applies to those areas of the castings specified for testing, as well as thle percentage

their content
applies. For
ents) applies.

ng conditions

addresses:

4 Ordering information

Subject to agreement between the manufacturer and the purchaser, enquiries and purchase orders for
castings requiring magnetic particle testing should include the following information:

a) the area of the casting to be tested;

b) the qualification of the operators who will carry out the testing (see 5.2) or interpretation (see 7.2);

c) the frequency/number of castings to be tested;

d) the manufacturing stage, when magnetic particle testing is to be performed;

e) the required surface finish of the areas to be tested (see 5.3):
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f) iftestingis to be performed in only one direction (see 5.1);

g) the method to be used (type of detection media);

h) whether or not the casting is to be demagnetized after testing has been performed (viz. maximum
residual field strength values);

i) thattestisto be carried out in accordance with ISO 9934-1;

j)  the type of discontinuity;

k) the severity level.

The sensitivi|ty can differ depending on the method of magnetic particle testing selected. Therefoy

severity leve

The severity
of the castin

s required and the method shall be agreed between the manufacturer and the putch

level can vary depending on the method of magnetic particle testing selectédyand th
r tested (see Tables 1 and 2).

e, the
aser.

P area

The indicatipns produced by magnetic particle testing can be compared to_reference figureg. The
reference figures are included for convenience only. In the event of a dispute, reference shall be made to
the tables.

5 Testing

5.1 Operdting mode

The operating mode shall be agreed between the purchaserand the supplier. Unless otherwise specified
(see Clause ft), it is necessary to carry out the test by“magnetizing sequentially in two dire¢tions
perpendiculdr to each other (see ISO 9934-1).

When the difection of stress is known, the test may be performed in one direction only, in order tp take

into account

NOTE Th

5.2 Qualif
Testing shall

standards. T
purchaser by

5.3 Surfagq

The surface

the most detrimental orientation of'the indication.

ication of the operaters

be performed by personnel qualified in accordance with ISO 9712 or equivalent recog
he qualification.level of the personnel shall be agreed between the manufacturer af
the time of aeceptance of the order.

‘e preparation

to-be tested shall be clean and free from oil, grease, sand, scale, moulding and c

e magnetic images are not necesSarily corresponding to discontinuities as pseudo-defects can appear.

nised
1d the

ating

By Qi ot £ il +tha a

residues, or

+ha nt azhich PETNE L2 PN A i £ 3l a0
all)’ ULIICT CUIILAIIIIIIaIIic VVIIICIT call TIILCTICT U VVILIT CIIC CUITTUUU llllylblllblltaLAUI

and

interpretation of the magnetic testing results. For small indications, it may be necessary to improve
the surface condition. Annex A provides guidance on recommended surface finish for testing based on
indication allowed.

The surface may be either shot blasted with round or angular shot, or sand blasted, or ground or
machined so that the smallest relevant indication required can be evaluated.

The surface to be tested may be painted to provide a contrast before the test.

5.4 Conditions of testing

The testing shall be carried out unaided or at a maximum magnification of 3x under viewing conditions
in accordance with ISO 3059.
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6 Acceptance criteria

6.1 Definition of magnetic particle testing indications

6.1.1 General

ISO 49

86:2020(E)

Indications revealed by the magnetic particle testing can have different shapes and sizes. An overview
of types of indications is given in EN 1369. The distinction between linear and non-linear indications is
made depending on the ratio of the length L of the indication to its width W, in the manner described in

6.1.2 and 6.1.3.

6.1.2| Non-linear indications (SM)

Indicqtions are considered to be non-linear when the length L is smaller than three timles the width
W. Indlications are considered to be clustered when the distance between non-linear indidations is less
than P mm and at least three indications are clustered. A cluster of indications is considered to be a
singld non-linear indication when its length is equal to the overall length-L of the cluster specified in

Table|1.

NOTE The symbol for nonlinear indications is SM (S for surface and M for magnetic particle).

Table 1 — Severity levels for magnetic particle testing —Non-linear (SM) indicatiorls (isolated)

L Severity levels
Characteristic

sMoo1 | sMoad sm1 | sM2 | sM3 | sM4 | sums

Testipg means Magnifying glass Eve
or eye y

Magniification for observation of <3 1
penefrant indication -
Length L, of the smallest indication to be 03 15 2 3 5 5
consiflered, in millimetres ! !
Maxinum number of nonlinear
indicgtions allowed o o 8 8 12 20 32
Maximum individual length L, allowed, in 0 1 3a 6 9a 14a 21a
millithetres
a2 Ajmaximum number of'twe indications of the designated dimension are permitted.

6.1.3| Linear indications (LM) and aligned indications (AM)

The ipdications-are considered to be linear when the length L is greater than or equal to th

width W.

NOTE The symbol for linear indications is LM (L for linear and M for magnetic particle).

ree times the

The lengths of linear indications greater than the length of smallest indication to be considered shall be
added together and the result shall be compared to the total (T) length specified in Table 2.

Indications are considered to be aligned when the distance between two linear indications is smaller
than the length L of the longest indication. An alignment of indications is considered to be a single linear
indication and its length is equal to the overall length L of the alignment.

NOTE The symbol for aligned indications is AM (A for aligned and M for magnetic particle).

© IS0 2020 - All rights reserved
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Table 2 — Severity levels for magnetic particle testing — Linear (LM) and aligned (AM)

indications
L Severity levels
Characteristic
LM001| LMoO1 | LM1 | LM2 | LM3 | LM4 | LM5
Testing means Magnifying glass Eye
or eye

Magnification for observation of magnetic 3 1
particle indication -
Leng_th Ly of_the §rr_1allest indication to be 0,3 15 2 3 5 5
considered, inmillimetres
Acceptable indications
Individual (I) or Total (T) length TorT LT LTy T DIt T

section thickness
Maximum lerlgth <type a 0 1 214|146 | 610|201 18|14 |25
L, of linear (I{M) t=16 mm
and aligned (AM) section thickness
indications aljlowed typeb 0 1 316|6(12(.979 18|18 |27 |27 |40
depending or] the 16 mm < t <50 mm
se.cl‘lc.lon thlda{ hess ¢, In section thickness
millimetres type c 0 2 5 (10 | 1020 | 15|30 |30 |45 44|70

t>50 mm

NOTE 1 Only yalues expressed in this table are valid. Reference figures are for information only (see Annex C).
NOTE 2 The spnsitivity can differ depending on the method of magnetic parbicle testing selected.
a2 No functignal relationship exists between each type of section thickness and maximum crack length, relativje to a
fracture-mechpnics study. However, this table is a useful guideswhere no relevant fracture-mechanics pararpeters
currently exisf.

6.2 Severity levels

6.2.1 Geng¢ral

The severity|levels are a reference scale,)eéach level depends on the type of indications.

6.2.2 Nonilinear indications
The severity|levels for non-linear indications (Table 1) are defined by:
a) thelength (largest @ithension) L, of the smallest indication to be considered, and

b) the maximumJength L, of the indications.

6.2.3 Linedr-and aligned indications

6.2.3.1 General

The severity levels for linear indications (Table 2) are defined by:

a) thelength (largest dimension) L; of the smallest indication to be considered,
b) the maximum length L, of the individual (I) linear indications, and

c) the total (T) of the lengths of the linear indications exceeding the length L; in a frame measuring
105 mm x 148 mm.

4 © IS0 2020 - All rights reserved
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6.2.3.2 Section thickness type

Three section thickness types are specified (see Table 2):
a) t<16 mm;

b) 16 mm <¢< 50 mm;

c) t>50mm;

where tis the section thickness.

6.2.4[ Selection of the severity Ievel

The spverity levels shall be selected from Tables 1 and/or 2. The reference figures,in Ann
are drawn to a scale of 1:1 and are given as examples. The largest non-relevant indicdtion
26 min x 37 mm frame corresponding to the ISO format A10.

Table|1 and Annex B correspond to non-linear (SM) indications (isolated).

Table|2 and Annex C correspond to linear (LM) and aligned (AM) indigations.

NOTE Note that several equivalent severity levels defined in Table<2 are represented by the s
figure] In certain cases, the equivalence of the figure is only approkimate because of slight diff
paranjeters in Table 2.

The spverity levels cannot be considered in the same progression from Table 1 to Table 2|
not b¢ considered equivalent as regards severity. The severity criteria and the severity lev
from pne part of a casting to another.

The choice of the reference figure depends on the'section thickness type.

6.2.5| Designation of severity levels

The requirements in the order or in the specifications shall conform to the terminology
docuinent.

Examiples of correct terminology are given below:

— npn-linear indications;devel 2: SM 2 for non-linear indications with a maximum of
imdications, L1 of 21tam and L2 of 6 mm (see 6.1.2 and Table 1);

exes B and C
is shown in a

hme reference
brences in the

They should
els can differ

used in this

8 non-linear

— linear indicatiens, level 5: LM 5c for linear indications and ¢t > 50 mm with L1 of 5 npm and L2 of

46 mm fordndividual indications or 70 mm for total indications (see 6.1.3 and Table 2)

7 (lassification of the indications and interpretation of results

7.1 Classification of the indications using Tables 1 and 2

7.1.1 General

In order to classify an indication, it is necessary to place a 105 mm x 148 mm frame
unfavourable location, i.e. showing the greatest severity for discontinuities.

7.1.2 Non-linear indications
Only indications with a length greater than L shall be taken into account (see Table 1).

The length of these indications shall be measured.

© IS0 2020 - All rights reserved
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The severity

7.1.3 Line

020(E)

level of the SM indications shall be established using Table 1.

ar and aligned indications

The length L of the isolated indications greater than the smallest length to be considered, defined by the
required severity level, shall be measured. The sum of the indications included in the 105 mm x 148 mm
frame shall be calculated.

The section thickness t at the testing location shall be measured.

The severity

level of the LM indications shall be established using Table 2.

The lengths ¢f the linear indications greater than the minimum length shall be summated and the

shall be com

7.2 Inter]

The casting
equal to or I¢

is worse than that specified in the order, the casting shall be considered¢not’to conform wit

document.

NOTE No

8 Cleanipg after examination and demagnetization

Parts shall b

Demagnetizz

9 Testre
When a test
information:
a) informat
b) informatf
c)

d) thedate
e) the tracg

the casting designatien;

bared to the total (T) length specified in Table 2.

retation of results

shall be considered to conform with this document when the obseryed severity le
ss than that specified in the order. If, for any indication type, the-observed severity

h-linear indications and linear indications can appear on the same part of the casting.

b cleaned after examination.

tion is necessary for special applications and before carrying out a retest.

port

report is specified in the enquiry and the order, it shall contain at least the foll

ion on the manufacturer;

ion on the purchaser (including the order number);

and placé of testing;

ability-identification;

result

vel is
level
h this

bwing

and, as appli

Fahle anv ofthe following:
T ) o

areference to this document for the acceptance criteria;

the position of the testing stage in the manufacturing process;
the surface finish;

the test method;

the equipment used;

the magnetization used;

the testing materials used;

© IS0 2020 - All rights reserved
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— the criteria required in accordance with this document;
— thereference to the specification;

— the results (description and location);

— the cartography of the significant indications;

— the decision taken after the interpretation of results;

— the elements required in ISO 4990 (type of document, signature(s) of the authorized persons
according to the type of document);

— tte certification/qualification, name and the signature of the non-destructive testing,pperator.

A modlel of a bilingual test report is shown in Annex D.

© IS0 2020 - All rights reserved 7
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Annex A
(informative)

Recommended surface finish for magnetic particle testing

Table A.1 — Recommended surface finish for magnetic particle testing

Length L, (l)Lsmallest indication Visual/tactile comparators?
to ble considered
BNIF SCRATA
mm
0.3 2/0S2 —
03 3/0S1-2/0S1 "
' 1/0S2
0,3 2/0S1-1/0S1 B
' 1S2-2S2
1S1-28S1
e 352-4S2 —
2 2S1-381 A2
4S2-582 H?2
3 unspecified (rough surfaeg) A 3;{3A 4

a Two visualf/tactile comparators are currently used (see ISO11971):

— SCRATA ¢omparators for the definition of surface quality of castings, available from Castings Technologly
Internatjonal, Advanced Manufacturing Park, Brunel Way, Rotherham, S60 5WG, United Kingdom; info@
castingstechnology.com

— BNIF 359 - Recommandation technique du Bureau de Normalisation des Industries de la Fonderie -
Caractérjfisation d'états de surface des-pieces moulées - Utilisation des échantillons types de 110 x 16( mm,
availablgd from CTIF, 44 avenue de la Division Leclerc, 92310 Sévres, France, www.ctif-editions.com.

NOTE Theseproducts are exampleg of a suitable products available commercially. This information is giyen
for the convehience of users of this-document and does not constitute an endorsement by ISO of these products.

8 © IS0 2020 - All rights reserved
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Annex B
(informative)

Reference figures — Non-linear indications (SM)

All reference figures shown in this annex are for guidance only. They are drawn and shall be used at a
scale of 1:1.

a) Maximum size allowed for a non-relevant indication for severity level SM 1

b) Severity level SM 1

Figure B.1 — Severity level SM 1

© IS0 2020 - All rights reserved 9
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a) Maximum size allowed for a non-relevant indication for severity level SM 2

b) Severity level SM 2

Figure B.2 — Severity level SM 2

10 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=fe4cb60be3ddf344a5847db5be73ba79

ISO 4986:2020(E)

a) Maximum size allowed for a non-relevant indication for severity level SM 3

&

b Ll

e

b) Severity level SM 3

Figure B.3 — Severity level SM 3

© IS0 2020 - All rights reserved
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%

a) Maximum size allowed for a non-relevant indication for severity level SM 4

9N
& * %

b) Severity level SM 4

Figure B.4 — Severity level SM 4

12 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=fe4cb60be3ddf344a5847db5be73ba79

a) Maximum size allowed for a non-relevant indication for severity level SM 5

ISO 4986:2020(E)

%

|

¢, e

s

b) Severity level SM 5

Figure B.5 — Severity level SM 5

© IS0 2020 - All rights reserved
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Annex C
(informative)

Reference figures — Linear (LM) and aligned (AM) indications

All reference figures shown in this annex are for guidance only. They are drawn and shall be used at a

scale of 1:1.

a) Maxil

mum size allowed for a non-relevant indication for severity level LM 1a or AM 1a

b) Severity level LM 1a or AM 1a

14

Figure C.1 — Severity level LM 1a or AM 1a

© IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 2a or AM 2a

b) Severity level LM 2a or AM 2a

Figure C.2 — Severity level LM 2a or AM 2a

© IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 3a or AM 3a

b) Severity level LM 3a or AM 3a

Figure C.3— Severity level LM 3a or AM 3a

16 © IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 4a or AM 4a

ISO 4986:2020(E)

b) Severity level LM 4a or AM 4a

Figure C.4 — Severity level LM 4a or AM 4a

© IS0 2020 - All rights reserved

17


https://standardsiso.com/api/?name=fe4cb60be3ddf344a5847db5be73ba79

ISO 4986:2020(E)

a) Maximum size allowed for a non-relevant indication for severity level LM 5a or AM 5a

b) Severity level LM 5a or AM 5a

Figure C.5— Severity level LM 5a or AM 5a

18 © IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 1b or AM 1b

b) Severity level LM 1b or AM 1b

Figure C.6 — Severity level LM 1b or AM 1b

© IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 2b or AM 2b

b) Severitylevel LM 2b or AM 2b

Figure C.7— Severity level LM 2b or AM 2b

20 © IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 3b or AM 3b
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b) Severity level LM 3b or AM 3b

Figure C.8 — Severity level LM 3b or AM 3b

© IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 4b or AM 4b

b) Severitylevel LM 4b or AM 4b

Figure C.9— Severity level LM 4b or AM 4b

22 © IS0 2020 - All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 5b or AM 5b

b) Severity level LM 5b or AM 5b

Figure C.10 — Severity level LM 5b or AM 5b
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ISO 4986:2020(E)

a) Maximum size allowed for a non-relevant indication for severity level LM 1c or AM 1c

b) Severitylevel LM 1c or AM 1c

Figure C.11 — Severity level LM 1c or AM 1c
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